Introduction
Mutation of the p53 tumor suppressor gene is the most frequently reported genetic defect in human cancer, with mutations observed in greater than 50% of all tumors (Hernandez-Boussard et al., 1999) . In the majority of tumors with p53 mutations, one allele has acquired a missense mutation and the remaining wildtype allele has been deleted (Levine et al., 1991) . In addition to the frequent occurrence of acquired p53 mutations in spontaneously arising tumors, germline p53 mutations have been identified as the molecular basis of the Li-Fraumeni familial cancer syndrome, with affected individuals inheriting a 50% probability of developing cancer by the age of 30 years (Malkin, 1993) . In addition, mice carrying a mutant p53 allele display an early onset of phenotypes associated with aging (Tyner et al., 2002) .
Wild-type p53 mediates tumor suppression by activating the transcription of multiple genes specifically involved in cell cycle regulation, apoptosis, and genomic stability (Yonish-Rouach, 1996 ; Levine, 1997; May and May, 1999) . The vast majority of missense mutations observed in tumors occur within the sequence-specific DNA-binding domain of the protein (amino acid residues 100 -300). As a result, mutant p53 proteins are unable to bind to and transactivate the target genes that mediate tumor suppression (Ko and Prives, 1996) . However, the consistent retention of missense mutant p53 alleles throughout tumor progression contrasts sharply with the genetic alterations observed at other tumor suppressor loci (for example, the retinoblastoma susceptibility (Rb), the cell cycle inhibitor p16 INK4a , and the adenomatous polyposis coli (APC) genes), which exhibit much higher rates of homozygous deletions, premature chain termination, and frameshift mutations than does p53. This observation suggests that mutant p53 proteins may either retain or gain functions conducive to cell proliferation, survival or metastasis (Dittmer et al., 1993; Roemer, 1999; van Oijen and Slootweg, 2000) .
One possibility is that mutant p53 inhibits the sequence-specific DNA-binding and transactivation functions of wild-type p53 in a 'dominant-negative' manner (prior to the outright deletion of the remaining wild-type allele), by forming hetero-oligomeric complexes with it (Farmer et al., 1992; Kern et al., 1992; Shaulian et al., 1992) . Alternatively, certain p53 mutants may possess intrinsic oncogenic potential, as their introduction into cells lacking endogenous p53 has been shown to enhance the tumorigenicity of these cells (Dittmer et al., 1993, van Oijen and Slootweg 2000) . The 'gain of function' by which mutant p53 could exert such an oncogenic effect is, however, still unclear.
Mutation of the p53 gene is frequently detected in human lung tumors (50 -60% for non-small cell carcinoma and 90% for small cell carcinoma) Mitsudomi et al., 1992) . A number of p53 transgenic and knock-out mouse tumor models have been developed that contribute to an understanding of the role of p53 mutation in lung tumorigenesis (Lavigueur et al., 1989; Donehower et al., 1992; Jacks et al., 1994; Purdie et al., 1994; Shafarenko et al., 1997; Liu et al., 2000) . However, the majority of these models involve alteration of p53 function in all tissues and organs of the animal. Thus, the observed effects on a specific cell type may be either cell-autonomous, or conversely, may be due to effects on other tissues that indirectly impact upon the cell type of interest. In addition, tumor onset in other tissues may result in mortality before tumors arise in the tissue of interest. For example, homozygous p53 knock-out mice (Donehower et al., 1992) and nontissue-specific p53 transgenic mice (Lavigueur et al., 1989) develop malignant lymphomas at a young age, precluding the evaluation of the knock-out and transgene effects on lung tissue. Thus, to study the role of p53 mutation in lung tumorigenesis, animal models in which the endogenous p53 gene is disrupted or mutated in a lung-specific manner or in which mutant p53 transgenes are expressed in a lung-specific manner would be of considerable value. It is of particular interest to generate models in which the mutations introduced reflect as closely as possible the mutations commonly seen in human lung cancer.
In this regard, codon 273 exhibits the highest frequency of mutation in human lung tumors (*6%) (Hernandez-Boussard and Hainaut, 1998; HernandezBoussard et al., 1999) . The substitution (arginine to histidine) results in a mutant p53 protein (p53-273H) that exhibits both dominant-negative and gain-offunction properties in vitro Farmer et al., 1992; Kern et al., 1992; Dittmer et al., 1993) . We have therefore developed a line of transgenic mice expressing the human p53-273H gene under the transcriptional control of the human surfactant protein C (SP-C) promoter, which has previously been used to direct lung-specific transgene expression in mice (Korfhagen et al., 1990; Glasser et al., 1991 Glasser et al., , 2000 . A line of FVB/N mice harboring the SV40 large T antigen under the control of the SP-C promoter developed lung tumors at the age of 4 -5 months (Wikenheiser et al., 1992) . Since SV40 binds the gene products of p53 and the retinoblastoma protein (pRB) family, the early tumor onset may be due to the multieffect of disruption of both the pRB and the p53 pathways (Chao et al., 2000) . We have, in this study, demonstrated that SP-C/p53-273H mice develop adenocarcinomas of the lung with a relatively long latency. This model represents a genetically defined model for studying and manipulating both the role of p53 mutations in lung tumorigenesis and the potential that the p53 mutations combine with other genetic alterations or environmental carcinogens to result in malignant transformation.
Results

Establishment of transgenic mice
Transgenic mice were generated with the SP-C/p53-273H transgene shown in Figure 1 . Two founder mice were identified by Southern blot analysis. One founder (a female with *300 copies), failed to transmit the transgene to offspring. However, a line of SP-C/p53-273H transgenic mice was established from the second founder (a male with *7 copies). The frequency of transgenic offspring in the first generation (F1) was 44% (127 out of 288 mice). A high perinatal mortality rate was observed in the F1 generation, with 26.4% of pups dying before postnatal day 5. Ninety-six per cent of the dead pups were identified as transgenic. However, perinatal mortality decreased to 6.5% (10 out of 155 mice) in the F2 generation, and no association between early mortality and the presence of the transgene was found in this generation. We analysed 13 lungs from the pups who died young, all lungs were histologically normal. The cause of the early mortality is under investigation.
Expression of human p53-273H in lungs of transgenic mice
Protein lysates of eight different tissues from transgenic mice (spleen, kidney, muscle, lung, seminal vesicle, liver, intestine and bladder) were tested for the presence of human p53-273H by immunoblot analysis using the DO-7 antibody, which is specific for human p53 (wild-type or mutant; Vojtesek et al., 1992) . Human p53-273H was detected only in lung tissue (Figure 2a , lane 4), and this expression was confirmed Figure 1 Schematic diagram of the SP-C/p53-273H transgenic construct. A 1.8-kb human p53-273H cDNA (arginine to histidine substitution at codon 273) was placed under the transcriptional control of a 3.7-kb region of the human SP-C promoter. Arrows indicate the relative positions and orientations of the SP-C and p53 PCR primers used to identify SP-C/p53-273H transgenic mice in transgenic mice from multiple generations ( Figure  2b , lanes 3 -6). As expected, DO-7 exhibited no detectable immunoreactivity with lung tissue from either wild-type or p53-knockout non-transgenic mice ( Figure 2b , lanes 1 and 2). The p53-273H protein was also found to be highly expressed in the lung tissue of transgenic pups that died before the age of 5 days ( Figure 2b , lane 7). It is unclear if the high level of expression seen in the F1 generation is related to the high perinatal mortality in this generation.
The localization of p53-273H in lung tissue of transgenic mice was evaluated immunohistochemically, using the DO-7 antibody. The mutant protein was found primarily in the nuclei of pneumocytes from transgenic mice, and was absent in lung tissue from non-transgenic littermates (Figure 3 ). p53-273H was also detected in lung tumor tissue from transgenic mice ( Figure 4a ). All control sections (adjacent sections of each test sample that were processed simultaneously without primary antibody) exhibited no detectable immunostaining ( Figure 4b ).
Expression of murine p53 mRNA in lung tumors of the transgenic mice
Since the binding domain of the p53 protein is the most important functional portion (May and May, 1999), we designed RT -PCR primers within the p53 DNA binding domain according to the alignment of the human p53 cDNA sequence and the murine p53 cDNA in exons 5 and 7. Because of the high conservation between the human and murine p53 binding domains, we used the RT -PCR-heteroduplex method (Duan et al., 2002) to detect the mRNA of p53-273H and murine p53 simultaneously. We extracted total RNA from eight lung adenocarcinomas from the p53-273H transgenic mice. Using the RT -PCR-heteroduplex technique, we found that both the p53-273H mRNA and the endogenous murine p53 mRNA were expressed in tumors. The murine p53 was expressed in all eight tumors, and p53-273H was expressed in seven out of the eight tumors.
Tumor formation in p53 transgenic mice
In order to evaluate lung tumor incidence and age of onset, cohorts of transgenic mice (n=113) were sacrificed at age groups of 4 -6 months, 7 -9 months, 10 -12 months and 13 -15 months. Lung tumors were observed in one mouse in the 4 -6 month group (n=21), one mouse in the 7 -9 month group (n=20), two mice in the 10 -12 month group (n=33), and nine mice in the 13 -15 month group (n=39) ( Figure 5a ). All tumors were identified histopathologically as adenocarcinomas.
To demonstrate that the rate of lung tumor formation was dependent on the transgene and did Lung adenocarcinoma in p53-273H transgenic mice W Duan et al not correspond to the spontaneous lung tumor rate in FVB/N mice, cohorts of non-transgenic littermates (n=108) were evaluated for tumor formation at the same ages as the transgenic animals. No tumors were observed in the 4 -6 (n=20) and 7 -9 month groups (n=22), while lung tumors were detected in two mice each in the 10 -12 (n=31) and 13 -15 (n=35) month groups ( Figure 5a ). These tumors were also characterized as adenocarcinomas. The difference in the rate of tumor formation at 13 -15 months of age (9 out of 39 transgenic mice versus 2 out of 35 non-transgenic littermates) was statistically significant (P=0.036, w 2 test). Overall, tumors in the transgenic mice at ages 10 -12 and 13 -15 months were significantly larger on average than those in the non-transgenic mice at the same ages (Figure 5b) . In all cases, the tumors were discrete lung nodules.
To study the multi-step pathway malignant transformation in the transgenic mice, we evaluated the expression of two cyclin-dependent kinase (CDK) inhibitors, p16 and p21 in pairs of matched lung adenocarcinomas and lung tissues from 10 SP-Cp53 273H transgenic mice using RT -PCR with silver staining. p16 expression was either silenced or significantly reduced compared to matched lung tissue in four of 10 tumor samples. In contrast, there was no p16 silencing in normal lung samples. p21 was expressed in all tumors as well as all normal lung tissue samples.
Discussion
Mutation of the p53 gene is one of the most common genetic alterations in human lung cancer. It is therefore of interest to produce models for this tumor type that recreate the p53 mutations seen in human disease. Several p53 knock-out mouse models have been described, in which mice heterozygous or homozygous for a p53 null allele were predisposed to the development of multiple tumor types (Donehower et al., 1992; Jacks et al., 1994; Purdie et al., 1994) . A Figure 5 (a) Lung tumor incidence in age-matched SP-C/p53-273H transgenic mice (transgenics, n=113, 4 -6 months=21, 7 -9 months=20, 10 -12 months=33, 13 -15 months=39) and non-transgenic (control, n=108, 4 -6 months=20, 7 -9 months=22, 10 -12 months=31, 13 -15 months=35) littermates. (b) Average lung tumor size in age-matched SP-C/p53-273H transgenic mice (tumors, n=13, 4 -6 months=1, 7 -9 months=1, 10 -12 months=2, 13 -15 months=9) and non-transgenic (tumors, n=4, 4 -6 months=0, 7 -9 months=0, 10 -12 months=2, 13 -15 months=2) littermates Lung adenocarcinoma in p53-273H transgenic mice W Duan et al knock-in model was created in which mice heterozygous for a p53-172H allele (arginine to histidine substitution at murine codon 172, corresponding to human codon 175) were prone to the development of highly metastatic tumors (Liu et al., 2000) . In addition, transgenic mice expressing murine mutant p53-135V (alanine to valine substitution at codon 135) under the transcriptional regulation of the p53 promoter were also predisposed to a variety of tumor types (Lavigueur et al., 1989; Harvey et al., 1995; Shafarenko et al., 1997) . Although lung adenocarcinomas have been observed in several of these models, they occur at a low frequency relative to the predominant tumor types (e.g., lymphomas), thus limiting the utility of these models in addressing the role of p53 mutation in lung tumorigenesis. Transgenic models have also been generated in which mice expressed SV40 large T-antigen under the transcriptional control of lung-specific promoters. These mice were prone to the development of lung tumors (Demayo et al., 1991; Wikenheiser et al., 1992) . Because T-antigen binds to and functionally inactivates p53 (Lane and Crawford, 1979; Linzer and Levine, 1979) , these models also address the role of p53 mutation in lung cancer. However, like the p53 knock-out models, T-antigen tumor models do not accurately reflect the actual nature of p53 mutation in human tumors. Furthermore, since T-antigen also binds to and inactivates the pRb tumor suppressor protein (Decaprio et al., 1988) , the relative contributions of p53 and pRb inactivation to tumor formation in these models cannot be readily discerned.
An alternative strategy is to create transgenic mice expressing specific p53 mutants under the control of a lung-specific promoter. We have employed this approach to create a line of transgenic mice that express a mutant p53 gene under the transcriptional control of the lung-specific human surfactant protein C (SP-C) promoter. The promoter has previously been shown to direct transgene expression specifically to the distal bronchiolar and alveolar epithelial cells of the lung (Glasser et al., 1991 (Glasser et al., , 2000 Wikenheiser et al., 1992) . In our study SP-C/p53-273H transgenic mice were found to develop lung adenocarcinomas at an increased frequency when compared to age-matched non-transgenic littermates, with 23% of the transgenic mice exhibiting lung tumors at 13 -15 months of age.
Several potential mechanisms for p53 mutant induced tumorigenesis have been proposed. While the great majority of p53 mutations detected in human tumors are missense substitutions clustered within the sequence-specific DNA-binding domain of the protein, the amino acid residues that are mutated generally fall into one of two classes: (1) those that contact DNA directly, or (2) those that are involved in maintaining the structural integrity of the DNA-binding domain (Cho et al., 1994) . Mutations of the latter class of residues induce structural deformations of p53 that can be detected with the 'mutant-specific' monoclonal antibody PAb 240, while DNA contact mutants generally retain wild-type p53 conformation and reactivity to monoclonal antibody PAb 1620. Although we were unable to establish a line of transgeneic mice with the relatively stronger mutant p53-175H, we were able to establish a transgenic line with the relatively mild p53 mutant 273H. Human p53-273H is a DNAcontact mutant that retains wild-type p53 conformation (PAb 1620+/PAb 240-), and has a thermodynamic stability approaching that of wild-type p53 (Bartek et al., 1990; Bullock et al., 1997) . The p53-273H protein has also been shown to retain a degree of both sequence-specific DNA-binding and transcriptional activation functions Chumakov et al., 1993; Zhang et al., 1993; Park et al., 1994; Kawamura et al., 1996) that is relatively unique among tumor-derived p53 mutants. However, its frequent detection in human tumors suggests that the inherent limitations of the assays employed may tend to underestimate its actual loss of function in vivo. Furthermore, p53-273H has been demonstrated to act in a dominant-negative manner by inhibiting the sequence-specific DNA-binding and transcriptional activation functions of wild-type p53 through the formation of hetero-oligomeric complexes Farmer et al., 1992; Kern et al., 1992) .
In this study, RT -PCR-heteroduplex showed that murine p53 mRNA was expressed in all lung tumors tested. Although we were unable to detect the expression of the murine wild p53 protein by the murine wild-type p53 specific antibody PAb246 with Western blotting, the wild-type murine p53 protein has a very short half-life making its detection very difficult under non-stress circumstances. Since DNA damage induced expression of p53 is often used for determining the responsiveness of wild-type p53 (May and May, 1999), we used g-irradiation (5 Gy/mouse) to induce the expression of wild-type p53 in transgenic mice. Twenty-four hours after g-irradiation, murine wild-type p53 protein was detected in all tumors tested (n=5) with Western blotting, although the amount of the wild-type p53 in tumors was less than the amount in lung tissue (data not shown).
Since human and murine p53 proteins are fully capable of forming hetero-oligomeric complexes (Milner et al., 1991; Bargonetti et al., 1992) , it is still possible that human p53-273H promotes lung tumorigenesis in SP-C/p53-273H transgenic mice by inhibiting the tumor suppression function of endogenous wild-type murine p53. However, several lines of evidence suggest that p53-273H may also possess oncogenic gain-of-function properties, independent of any dominant-negative effect. Expression of p53-273H in cell lines lacking p53 resulted in enhanced plating efficiency in agar cell culture and enhanced tumorigenic potential in nude mice (Dittmer et al., 1993) . p53-273H expression in p53-null cells has also been shown to activate basal transcription from a number of gene promoters that do not contain p53-binding sites, in contrast with the ability of wild-type p53 to repress transcription from the same promoters (Deb et al., 1992; Frazier et al., 1998) . In addition, p53-273H has been shown to retain the ability of wild-type p53 to enhance human DNA topoisomerase I activity (Albor et al., 1998) and to promote the reassociation of singlestranded RNA or DNA to a double-stranded form (Wu et al., 1995) . The potential deregulation of these activities, resulting from the elevated levels of mutant p53 frequently observed in tumor cells, could conceivably lead to aberrant DNA recombination and genomic instability. To investigate any potential gainof-function properties of this unique p53 mutant, the SP-C/p53-273H transgenic mice are currently being bred into a p53-null background (Donehower et al., 1992) . These mice may also prove useful in investigating the potential cooperation between p53 mutation and other genetic alterations commonly detected in lung cancer. For example, Johnson et al. (2001) have recently described a line of genetically targeted mice which display a high frequency of lung tumor formation resulting from somatic activation of a latent, oncogenic K-ras allele.
The long latency period for tumors to develop in our model suggests that mutant p53-273H alone is not enough to drive lung tumor development. Wikenheiser et al. (1992) reported that the same strain of mice as in our study (FVB/N) harboring a chimeric gene comprising the SV40 large T antigen under the control of a transcriptional region derived from the SP-C gene, developed lung tumors at an earlier age (4 -5 months). These tumors were, as in our study, identified as adenocarcinomas. Since SV40 binds the gene products of p53 and the retinoblastoma protein (Rb) (Chao et al., 2000; Wikenheiser et al., 1992 ) the earlier tumor onset may be ascribed to the collaboration of more than one genetic insult. We evaluated two potential candidate genes that might be involved in the multi-step tumorigenesis and found that p16 expression was either silenced or reduced in some lung tumors (4 out of 10 tumors). This suggests that mutant p53 may combine with genetic alteration in p16 and/or other genes to cause malignant transformation, and suggests a multi-step pathway for lung tumorigenesis.
Breeding of our transgenic animals with mice deficient in tumor suppressor genes or expressing genes known to be associated with human lung cancer may result in accurate models of human disease and may prove to be an adequate tool for pharmacological intervention or for testing rescue reagents of p53 hotspot mutations (Foster et al., 1999; Bykov et al., 2002) .
In conclusion, selectively expressed human mutant p53 (273H) in mouse lung increases the incidence and accelerates the age of onset of adenocarcinomas, while reducing the chance of the development of lymphoma and other lethal non-pulmonary tumors. Mutant p53 may combine with other genetic alterations to result in malignant transformation. Since mutations of the p53 gene are a common event in human lung cancer, the animal model here described may provide a useful tool to evaluate the influence of specific genetic alterations in lung tumorigenesis and to evaluate the compounding effect exerted by environmental carcinogens.
Materials and methods
Establishment of SP-C/p53-273 transgenic mice
A 3.7-kilobase (kb) region of the human SP-C promoter (extending to the PstI site at +21) was obtained from the previously described SP-C-TAg construct (Glasser et al., 1991; Wikenheiser et al., 1992;  provided by Dr Jeffrey A Whitsett) and inserted upstream of the rabbit b-globin sequences of pBS/pKCR3 (O'Hare et al., 1981; Howes et al., 1994) . A human p53-273H cDNA/genomic hybrid construct containing p53 introns 2 -4 (Hinds et al., 1990 , provided by Dr Arnold J Levine) was obtained, and the EcoRI to PvuII fragment spanning introns 2 -4 was replaced with the corresponding fragment from a wild-type p53 cDNA construct. The 1.8-kb EcoRI fragment containing the resulting p53-273H cDNA was then inserted into the EcoRI site of rabbit b-globin exon 3 to generate the SP-C/p53-273H transgenic construct (Figure 1 ). Transgenic mice were generated by microinjection of the 6.7-kb XhoI fragment of the SP-C/p53-273H construct into the pro-nuclei of FVB/N mouse zygotes by standard methods (Hogan et al., 1994) .
Identification of SP-C/p53-273H transgenic mice
Genomic tail DNA was isolated as previously described (Sambrook et al., 1989) . Transgenic founder mice were identified and transgene copy numbers determined by Southern blot analysis of tail DNA digested with BamHI and BglII, using a probe generated from the SP-C/p53-273H injection fragment labeled with [a-32 P]dCTP using the RTS RadPrime DNA labeling system (GIBCO BRL, Rockville, MD, USA). Hybridization was performed in Rapid-hyb buffer (Amersham Pharmacia Biotech, Piscataway, NJ, USA). Quantitative analysis was performed by Quantity One software (Bio-Rad, Hercules, CA, USA).
Mice of subsequent generations were screened for the presence of the transgene by the polymerase chain reaction (PCR) method. PCR primers corresponded to the human SP-C promoter sequence from 745 to 722 relative to the SP-C transcriptional start site (5'-CTACGGACACATATAAGA-CCCTGG-3'), and to the human p53 exon 2 sequence from+26 to+6 relative to the p53 translational start site (5'-CTAGGATCTGACTGCGGCTCC-3'). Together these primers generate a transgene-specific PCR product of approximately 885 bp. A set of control primers, 5C (5'-AC-AGACCGTGCTTCCACCTCGTC-3') and 3C (5'-CCTCA-TCTCCTGGGTCCCTTTCA-3') that amplify a 238-bp fragment from the fibroblast growth factor-7 gene (Timme and Thompson, 1994) was used as an internal control. PCR amplification conditions were: 958C for 3 min, followed by 33 cycles of 948C for 30 s, 648C for 30 s, 728C for 1 min, and a final extension step of 728C for 10 min.
RT -PCR
Total RNA was isolated from the lungs of transgenic and wild-type animals using Trizol RNA isolation, following the protocol supplied by the manufacturer (GIBCO BRL, Rockville, MD, USA) Primers used for the RT -PCR analysis were designed according to mouse cDNA sequences (GenBank Accessions: AF04436 for p16, BC002043 for p21). Primers mP16f169 (5'-CCCAACGCCCCGAACT) and mP16R432 (5'-GTCTTGATGTCCCCGCTCTT) were used to amplify a 263 bp fragment from the murine p16 mRNA. Primers mP21F121 (5'-CCCGTGGACAGTGAGCAGT) and mP21R541 (5'-GGGCACTTCAGGGTTTTCTCT) were used Lung adenocarcinoma in p53-273H transgenic mice W Duan et al to amplify a 420 bp fragment from the murine p21 mRNA. Internal control primers (forward, 5'-GGCACCACACCTT-CTACAATGA, Reverse 5'-CCATACCCAAGAAGGAAG-GCT) were designed according to murine beta-actin mRNA sequence (GenBank accession M12481). The amplification was conducted in 25 ml reaction using the Qiagen OneStep RT -PCR kit (Qiagen, Valencia, CA, USA). Each reaction contained 400 mM of each dNTP, 16 RT -PCR buffer, 10 pmol of each primer, 1 ml OneStep RT -PCR Enzyme mixture, and 200 ng of total RNA. RT -PCR amplification conditions were 508C for 30 min, 958C for 15 min, followed by 26 cycles of 948C for 30 s, 598C for 30 s, and 728C for 1 min. To detect any contamination, a negative control, which included all reagents except the RNA sample, was used in each set of amplifications. RT -PCR products were separated in 10% pre-cast NOVEX poly-acrylamide gel (Invitrogen Corp/NOVEX, Carlsbad, CA, USA) with 16 TBE running buffer. Gels were run for approximately 1.5 h, and then stained with the DNA Silver Staining Kit (Amersham Pharmacia Biotech, Uppsala, Sweden).
RT -PCR -Heteroduplex
Primers used for the RT -PCR-heteroduplex analysis were designed according to the alignment of the mouse p53 cDNA sequence and the human p53 cDNA sequence. Since the core portion of the p53 binding domain is in exons 5 -8, we designed the RT -PCR primers within the binding domain (Duan et al., 2002) . Primers E5F and E7R were used to amplify a 243 bp fragment from both human and mouse mRNA samples. The amplification was conducted in 25 ml reaction using the Qiagen OneStep RT -PCR kit (Qiagen, Valencia, CA, USA). Conditions of the RT -PCR and heteroduplex analysis were described previously (Duan et al., 2002) .
Histology and immunohistochemistry
Following autopsy, lungs were injected with 10% neutralbuffered formalin, then placed in 10% neutral-buffered formalin for about 10 h, rinsed with water, and preserved in 70% ethanol. Paraffin-embedded tissue was cut at 4 microns, placed on slides and stained with hematoxylin and eosin (H and E). Additional sections for immunohistochemistry were placed in a 608C oven for 1 h, cooled, deparaffinized and rehydrated through xylenes and graded ethanol solutions to water. All slides were quenched for 5 min in a 3% hydrogen peroxide solution in methanol to block endogenous peroxidase.
Antigen retrieval was performed by placing the tissue sections in a citric acid solution (Dako's Target Retrieval Solution, pH 6.1) for 30 min at 948C using a vegetable steamer. Slides were then placed on a Dako Autostainer immunostaining system for immunohistochemistry. Slides were blocked with 10% normal goat serum for 1 h before application of the human p53-specific DO-7 monoclonal antibody (Vojtessk et al., 1992 ; BD PharMingen, San Diego, CA, USA). The detection system used was a labeled streptavidin-biotin complex. Slides were then counter-stained in hematoxylin, dehydrated through graded ethanol solutions and cover-slipped.
All lung samples were carefully examined with the use of a dissecting microscope. All tumors observed were processed for histological analysis. In addition, about 30% of lung samples with no visible surface tumors were subjected to random histological analysis.
Western blotting
Tissues were solubilized in lysis buffer containing 250 mM NaCl, 5 mM EDTA, 1% Igepal, 5 mM dithiothreitol (DTT), 1 mM phenylmethylsulfonyl fluoride (PMSF), and 14 units/ 100 ml of aprotinin protease inhibitor. Protein concentrations were determined with the Bio-Rad protein assay (Bio-Rad, Hercules, CA, USA). Tissue samples containing 50 mg of total protein were subjected to SDS-polyacrylamide gel electrophoresis, and the separated proteins electro-blotted onto nitrocellulose membranes. Membranes were incubated in blocking buffer (5% non-fat dry milk, 500 mM NaCl, 20 mM Tris Cl (pH 7.4 -7.6) and 0.1% , and then incubated with the DO-7 monoclonal antibody (1 : 5000) or murine wild-type p53-specific monoclonal antibody PAb246 (1 : 5000, BD PharMingen, San Diego CA, USA) at 48C overnight. After four 10-min washes with TBS-T (blocking buffer without non-fat dry milk), the membranes were incubated with an anti-mouse Ig, horseradish peroxidaselinked secondary antibody (1 : 2000 dilution; Amersham Pharmacia Biotech, Piscataway, NJ, USA) at room temperature for 1 h. After five 10-minute washes, a chemiluminescent detection system (ECL Western blotting detection kit; Amersham Pharmacia Biotech, Piscataway, NJ, USA) was used to detect the secondary antibody, and the membranes exposed to autoradiography film.
